ABSTRACT
Its general incidence is about 20-40/1.000.000 in many countries around the world. [1] In the pathophysiology of acute spinal cord injury (SCI), primary and secondary mechanisms of the injury have been proposed. There are four characteristic mechanisms in primary injury, which are impact plus persistent compression, impact alone with transient compression, distraction, and laceration/transaction. However, secondary mechanisms of injury, extending from primary injury, involve neurogenic shock, vascular insults, excitotoxicity, calciummediated secondary injury and fluid-electrolyte disturbances, immunologic injury, apoptosis, disturbances in mitochondrion function, and other miscellaneous processes. [2] Caffeic acid phenethyl ester (CAPE) is one of the active components of propolis, which is a substance found in the plant extracts collected by honeybees. Antimicrobial, anti-inflam-
INTRODUCTION
Spine injury is a serious health problem having detrimental effects on the patient, family, and economy of the country. matory, immunomodulatory, antimutagenic, and antioxidant effects of propolis have been revealed in several studies. CAPE, specifically by blocking NF-κB and oxygen radicals, inhibits many inflammatory agents, especially the TNF-α. It has been shown that CAPE induces apoptosis in inflammatory cells independently from glucocorticoid receptors. Protective effects of CAPE in the nervous system have been reported in cerebral ischemic reperfusion injury, ischemic damage of the spinal cord, Parkinson's disease, convulsions, multiple sclerosis, brain tumors, hepatic encephalopathy, and against toxic effects of therapeutic agents in anticancer therapy. [3] [4] [5] [6] [7] [8] [9] [10] [11] Moreover, studies evaluating its protective effect in spinal cord ischemia-reperfusion models and hemi-transection model have been reported; however, there is no study investigating the acute effects of CAPE in traumatic acute spinal cord injury in clip compression model. Therefore, this study was conducted to evaluate the early anti-cytotoxic effects of CAPE in acute spinal cord injury.
MATERIALS AND METHODS
After the approval of Süleyman Demirel University (SDÜ) Local Ethical Committee on Animal Experiments (121531123153855-136), surgical procedure was performed in the experimental animals' research laboratory of the medical faculty of the same university. Forty-eight Wistar albino adult male rats, weighing 250±40 gr, were used. They were divided into three main groups, and each group was divided into two subgroups including eight animals. All animals were weighed before the operation and sacrification. Biochemical and pathological examinations were performed in the laboratories of biochemistry and histology-embryology departments of SDU.
In total, rats were divided into six groups; Group 1a (n=8) only laminectomy (1 st h), Group 1b (n=8) laminectomy + trauma (1 st h), Group 2a (n=8) laminectomy + trauma + saline (1 st h) Group 2b (n=8) laminectomy + trauma + saline (6 th h) Group 3a (n=8) Laminectomy +trauma +CAPE (1 st h) Group 3b (n=8) Laminectomy + trauma +CAPE (6 th h)
Anesthesia
General anesthesia was achieved with an intraperitoneal administration of 8 mg/100 gr ketamine (Alfamine 10%, Ege Vet Hayvancılık Bornova-İzmir, Alfasan International BV Holland) and 1 mg/100 gr xylazine (Alfazyne 2%, Ege Vet Hayvancılık Bornova-İzmir, Alfasan International BV Holland).
Surgical Procedure
Laminectomy was performed between the thoracic vertebrae Th8 and Th12. Aneurysm clip (Sugita no: 07-934-11, closure pressure: 1.37-1.72 N) was used to create trauma for one minute (Figs 1a, b).
In Group 1a (n=8), one hour after laminectomy, spinal cord tissues including lesion site and blood were taken for histopathological and biochemical evaluation before the rats were sacrificed with high dose of anesthesia. In Group 1b (n=8), spinal cord tissues including lesion site and blood were taken one hour after laminectomy and trauma. In Group 2a (n=8), 1cc saline was given intraperitoneally thirty minutes after trauma. One hour after trauma, blood and spinal cord tissue were taken. In Group 2b (n=8), the same steps as those of 2a were followed, but blood and tissue samples were taken six hours after trauma. In Group 3a (n=8), CAPE was given intraperitoneally (10 µg/kg) thirty minutes after trauma. One hour after trauma, blood and tissue samples were taken. In Group 3b (n=), same dosage of CAPE was given intraperitoneally thirty minutes after trauma; however, blood and tissue samples were taken six hours later.
Interleukin 1β and tumor necrosis factor-α levels were measured in the blood with ELISA kits. For light microscopy, spinal cord tissue samples were fixed with 10% formalin.
Statistical Analysis
Statistical analyses were performed using SPSS 15.0 software (SPSS Inc., Chicago, IL, USA). Parametric values were given as mean±standard deviation and non-parametric values were given as percentage. In order to compare parametric continuous variables, Student's t-test was used, and Mann-Whitney U-test was used to compare nonparametric continuous variables. Two-tailed P-values of less than 0.05 were considered statistically significant.
RESULTS

Biochemical Evaluation
Mean serum TNF-α levels were 10.7798 pg/ml in Group 1a, 13.0727 pg/ml in Group 1b, 10,456 pg/ml in Group 2a, 10.0711 pg/ml in Group 2b, 9.2311 pg/ml in Group 3a, and 9.3185 pg/ ml in Group 3b (Table 1) . TNF-α levels were increased in Group 1b when compared to Group 1a; however, no statistically significant difference was observed (p=0.070). There was not a statistically significant difference between Groups 1a, 2a, and 2b (p=0.999 and p=0.949, respectively). Similarly, there was not a significant difference between Groups 1a, 3a, and 3b (p=0.404 and p=0.469, respectively). Significant differences were detected between Groups 1b and Groups 2a or 2b, and Groups 3a and 3b (p=0.026, 0.007, 0.001, and 0.001, respectively). No difference was observed between Groups 2, 3 and their subgroups ( Table 2) .
Mean serum IL-1β levels were 32.6550 pg/ml in Group 1a, 33.8704 pg/ml in Group 1b, 25.4870 pg/ml in Group 2a, 30.7100 pg/ml in Group 2b, 23.8298 pg/ml in Group 3a, and 21.1215 pg/ml in Group 3b (Table 1) . IL-1β level was decreased in Groups 3a and 3b when compared to Group 1b; however, no significant difference was observed between these groups (p=0.539 and 0.278, respectively). In addition, no statistically significant difference was detected between all groups and their subgroups (Table 3) .
Histological evaluation
Stained tissue samples were examined under binocular microscope (Olympus BX50, NY), and microphotographs of the sections were evaluated.
For histopathological evaluation, a semi-quantitative scoring system which was previously used by Ercan et al. was selected. [12] According to this system; (-) score (negative score): no structural change (+) score (1 positive score): slight changes.
(++) score (2 positive score): moderate changes Ak et al. The effects of caffeic acid phenethyl ester on inflammatory cytokines after acute spinal cord injury (+++) score (3 positive score): prominent changes.
Group 1a: Slight hemorrhage was detected in gray and white matter (+). Also, slight necrosis was seen in both matters (+). Degeneration, hemorrhage, and liquefaction necrosis were not observed in the central canal (Fig. 2a) . Group 1b: Prominent hemorrhage and necrosis were observed in both matters (+++). Also, degeneration, hemorrhage, and liquefaction necrosis were prominent in the central canal (+++).
Group 2a: Prominent hemorrhage and necrosis were observed in both matters (+++). Also, degeneration, hemorrhage, and liquefaction necrosis were prominent in central canal (+++) (Fig. 2b ).
Group 2b: Similar findings were observed as those of Groups 1b and 2a.
Group 3a: There was slight hemorrhage and liquefaction necrosis around central canal. Moderate hemorrhage and necrosis were observed in white and gray matter less than previous groups (Fig. 2c ).
Group 3b: Similar findings were observed as those of Group 3a (Table 4) .
DISCUSSION
In the present study, CAPE was detected to decrease TNF-α and IL-1β levels after spinal cord injury in the early period. Furthermore, it reduces hemorrhage and necrosis in gray and white matter, as well as in the central canal.
Two known mechanisms of spinal cord injury are primary mechanical injury and secondary injury. Underlying mechanisms of pathophysiology in these injuries include acute hemorrhage, ischemia, inflammation, abnormal intracellular ion shifts (Na+, Ca +2), lipid peroxidation of cell membrane induced by free radicals, edema, leukocyte infiltration, and excitotoxic cell death. [13] Inflammation begins immediately after spinal cord injury. Edema, hemorrhage, accumulation of neuroexcitotoxin, and biochemical changes beginning after injury create difficulties on determining the main effects of inflammation on central nervous system. Although inflammation includes vascular, neurologic, humoral, and cellular responses around the injury site, it is a process to remove harmful stimuli and "contribute to tissue repair". [14] The cellular source of IL-1 β and TNF-α after acute spinal cord injury is controversial. Some authors believe that these cytokines are the primary products of neutrophils and macrophages. However, other studies have shown that endogen central nervous system cells (microglia) secrete pro-inflammatory cytokines in many injury models. [15] This study utilized CAPE which inhibits lipid peroxidation by suppressing protein tyrosine kinase, cyclooxygenase (nonspecifically), and lipoxygenase. Anti-inflammatory activity of CAPE was found equivalent with diclofenac and hydrocortisone. [16] It has also been suggested that CAPE induces apoptosis independently from glucocorticoid receptors. [17] The protective effects of CAPE have been practiced in various studies dealing with cerebral ischemia-reperfusion injury, spinal cord ischemia-reperfusion injury, Parkinson's disease, hypoxic ischemic brain damage in newborns, multiple sclerosis, convulsions, brain tumors, toxic effects of therapeutic agent in anticancer therapies, and hepatic encephalopathy. [3] [4] [5] [6] [7] [8] [9] [10] [11] There are only five studies in the literature evaluating the effects of CAPE in the spinal cord. [5, 8, 11, 18, 19] Two of these studies have been performed to evaluate the protective effects of CAPE against experimental allergic encephalomyelitisinduced oxidative stress, and in methotrexate administered rats. [8, 11] Kasai et al. have reported that CAPE might be a promising therapeutic agent for reducing secondary neural damage in their hemi-transection model. [18] In the remaining two studies, researchers have evaluated the effects of CAPE in ischemia-reperfusion injury model. Authors have reported that CAPE decreases injury more than methylprednisolone with its antioxidant and anti-inflammatory effects. [5, 19] In the present study, clip compression model, which suits more to the trauma model in humans, was used. This is the first study evaluating the effects of CAPE in this model. Same dosage of CAPE (10 µg/kg) with the previous reports was administered. It was found that CAPE decreased the levels of proinflammatory cytokines but not in significant levels, which may be due to the fact that the evaluation process was conducted in serum, not in tissue. This may be a limitation of our study.
Conclusion
CAPE decreases inflammation, necrosis and hemorrhage in the injured spinal cord tissue. It may become a promising agent in the management of spinal cord injury with further studies.
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